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For- RNA-DEPENDENT RNA POLYMERASE FUNCTIONING PREFERABLY 
ON RNA MATRIX AND PROMOTER-DEPENDENT TRANSCRIPTION 
PROCESS WITH SAID RNA-DEPENDENT RNA POLYMERASE 

AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D.C. 20231 

Sir: 

In reply to the Office Action mailed December 5, 2000, please amend the above- 
identified patent application as follows: 

TN THE SPECIFICATION : 

Page 30, line 5 to page 3 1 , line 24, delete current paragraph and insert therefor: 



^Ss are performed in 20 pi of a buffer derived from that described by 
J.F. Milligan, D.R. Groebe, G.W. Witherell, O.C. Uhlenbeck, Nucleic Acids Res. 25, 8783 
(1987), naml Tris-HCl 40 mM, P H 8.1, spermidine 1 mM, PEG 8% (g/V), TRITON (a 
surfactant) O.oW/V), BSA 5 ug/100 pi, 1 ul (40 u) of porcine RNAguard (Pharmacia 
Biotech), UTP 12W a 32P UTP 0.5 uCi (Amersham, 10 mCi/ml 400 Ci/mmol) 0.4 mM 
of the three ribonucleWde triphosphates A, G, C, Mg(OAc) 2 6 mM. The template 
concentration is set at l^copies of each strand in 20 ul of reaction. The wild-type T7 RNA 
polymerase is used at 0.5 i\l (100 ng/20 ul), the mutated T7 RNA polymerase R627A at 
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x 65 uM (730 ng/20 ul). Before adding the enzymes, the reactions are denatured for 
5 Vinutes at 65°C in a heating block and then gradually brought to 37°C. The reactions are 
initiated by the addition of the polymerases, incubated for 1 hour at 37°C and then stopped by 
the addition of an equal volume of 2x blue formamide (formamide 90%, EDTA 25 mM, 
xylene cyanol 0.02%, bromophenol blue 0.02%) and denatured for 5 minutes at 95°C. 20 ul 
of each reaction are deposited on a denaturing gel (20% acrylamide, urea 7 M, IX TBE), and 
then after mixtion, the gel is autoradiographed at -70°C on a Biomax MR film (Kodak). 
The results (elecV>phoretic profiles) are presented in Figure 5, and in particular the 
transcription resultLbtained with the mutated T7 RNA polymerase R627A (wells 1-3) and 
the wild-type T7 RNANpolymerase (wells 4-6), on the single-stranded RNA templates (wells 1 
and 4), double-strandedVlA (wells 2 and 5), and single-stranded DNA (wells 3 and 6). The 
transcription on single-stranded RNA, detected by detection of a complete transcript of 33 
bases, is possible using the mutated T7 RNA polymerase R627A (well 1) and not the 
wild-type enzyme (well 4) whic\produces on the other hand many abortive transcripts; see 
nevertheless the different results obtained in Example 3 below. The mutated T7 RNA 
polymerase R627A exhibits a residual transcription activity on double-stranded DNA 
(well 2), characterized by the presence^ a predominant transcript which is smaller in size 
than the expected transcript, and the presLe of a small quantity of abortive products. On 
single-stranded DNA (well 3), this transcripUf abnormal size disappears, whereas the 
quantity of abortive products increases. By coWast, the wild-type enzyme allows the 
production of specific transcripts in the presenceW DNA templates (wells 5 and 6), this 
enzyme exhibiting, moreover, a better transcriptio\activity on the double-stranded DNA 
template (well 5) than on the single-stranded DNA X?late (well 6); for these two templates, 
the wild-type enzyme induces the synthesis of numerou\abortive transcripts. These results 
show that the replacement of the arginine 627 by an alanii confers on the mutant enzyme the 
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J pos^ility of synthesizing RN A from an RNA template and induces the loss of capacity to 
synthesiz^RNA from a DNA template. _ _ 



REMARKS 

Claims 35-68 are pending. Claims 48-68 are withdrawn from consideration. The 
specification is amended herein. The attached Appendix includes a marked-up copy of the 
rewritten paragraph (37 C.F.R. 1.121(b)(l)(iii)). 

The Office Action objects to the Declaration as being defective because non-initialed 
and/or non-dated alterations have been made to the Declaration citing 37 C.F.R. §1 .52(c), and 
because it was allegedly not executed in accordance with 37 C.F.R. §1.66 or §1.68. 
Applicants respectfully traverse the assertion that the Declaration is defective. First, there is 
no requirement that the Declaration be executed in cursive handwriting, as is suggested in the 
Office Action. The Declaration can be executed in any form that one normally uses to denote 
one's signature, including by printing one's name. In addition, since the Declaration is 
executed on the same pages as it is altered, the alterations made on the Declaration are signed 
and dated on the same sheet of paper, as required by 37 C.F.R. § 1.52(c). 

For all of these reasons, it is believed that the prior Declaration is acceptable. 
Therefore, the objection should be reconsidered and withdrawn. 

The specification is objected to based on the use of the trademark TRITON in an 
improper format. The specification has been amended in order to correctly identify the 
trademark. Therefore, the objection should be reconsidered and withdrawn. 

Claims 35-47 are rejected under 35 U.S.C. §1 12, first paragraph, for allegedly lacking 
enablement. Applicants respectfully traverse the rejection. 

The present invention is based on the discovery of a new use for a known family of 
RNA polymerases, which were known to have a capacity for transcribing a double-stranded 
template of DNA, i.e., for synthesizing an RNA sequence complementary to one of the 
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strands of the DNA template. It has been discovered that the family of RNA polymerases 
(RNAPs) also has the capacity for transcribing an RNA template, i.e., for synthesizing an 
RNA sequence complementary to the RNA template. It has further been discovered that by 
mutating the RNAPs, mutated RNAPs can be easily obtained that are capable of synthesizing 
a transcriptional product from an RNA template with a better yield than from a DNA 
template. 

The family of RNAPs that can be used according to the present invention is one that is 
capable of transcribing under the control of a promoter. The promoters of the family have a 
consensus sequence from position -17 to position -1 . See the specification, at page 5, 
lines 18-23. This family includes the RNA polymerases of phages T3, T7 and SP6. The fact 
that there is high similarity between these RNAPs is shown, for example, by the fact that 
substitution of a single amino acid in the T3 enzyme allows the mutated enzyme to 
specifically recognize the T7 RNAP promoter and vice versa. See the specification at 
page 14, lines 17-21 . Similar exchanges of specificities have also been found between the T7 
and SP6 polymerases. See W.T. McAllister (copy attached), at page 388, left column, 
lines 14-18. In addition, all of the phage RNAPs are considered by those skilled in the art as 
"T7-like RNA polymerases." See, for example, M. Chamberlin and T. Ryan in The Enzymes, 
Vol. XV, Chapter 4, pages 87-91 (copy attached), at, in particular, page 87, heading II; page 
88, line 4; page 89, heading II; page 90, second full paragraph, citing T3 RNA polymerases; 
and page 91, lines 3-4, citing SP6 RNA polymerase. 

Example 2 of the present application shows that a mutated T7 RNAP can transcribe an 
RNA template. Example 3 further shows that the wild-type T7 RNAP can also transcribe an 
RNA template. Thus, although T7 RNA polymerase is a DNA-dependent RNA polymerase, 
as noted in the Office Action, this polymerase also has an RNA-dependent RNA polymerase 
activity. Thus, the recitation of an RNA-dependent RNA polymerase activity is not a 



^^pplicat ion No. 09/402,131 

typographical error, as suggested in the Office Action. Instead, as shown in the present 
application, polymerases known to transcribe DNA can also be used by the present method to 
transcribe RNA. 

In view of the well recognized similarity of the various phage RNAPs having a 
promoter with a consensus sequence from -17 to -1 , it is respectfully submitted that the 
claims of the present application constitute a moderate and legitimate generalization of the 
results reported in the examples. More particularly, it is quite easy for those skilled in the art 
to use other RNAPs and to produce and use mutated RNAPs and to verify by routine 
experiments, as is reported in the examples of the present specification, whether the enzymes 

can transcribe an RNA template. 

For all of the above reasons, it is respectfully submitted that claims 35-47 are enabled 
by the present application. Therefore, the rejection under 35 U.S.C. §112, first paragraph, 
should be reconsidered and withdrawn. 

In view of the above amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance. Favorable consideration and prompt 
allowance are therefore respectfully requested. 
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Should the Examiner believe that anything further would be required in order to place 
the application in better condition for allowance, the Examiner is invited to contact 
Applicants 1 undersigned representative at the telephone number listed below. 

Respectfully submitte/d, / /) 



WPB:MLM/jca 

Attachments: 

Appendix 
McAllister 
Chamberlin et al. 

Date: June 5, 2001 




Melanie L. Mealy 
Registration No. 40,085 



Oliff & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 



DEPOSIT ACCOUNT USE 
AUTHORIZATION 



Please grant any extension 

necessary for entry; 
Charge any fee due to our 
Deposit Account No. 15-0461 
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APPENDIX 

Changes to Specification: 

Page 30, line 5 to page 31, line 24: 

The reactions are performed in 20 ul of a buffer derived from that described by J.F. 
Milligan, D.R. Groebe, G.W. Witherell, O.C. Uhlenbeck, Nucleic Acids Res. 25, 8783 
(1987), namely Tris-HCl 40 mM, pH 8.1, spermidine 1 mM, PEG 8% (g/V), TRITON (a 
surfactant) t riten-0.01% (V/V), BSA 5 ng/100 ul, 1 ul (40 u) of porcine RNAguard 
(Pharmacia Biotech), UTP 12.5 uM, a 32P UTP 0.5 uCi (Amersham, 10 mCi/ml 400 
Ci/mmol) 0.4 mM of the three ribonucleoside tri phosphates triphoohat e s A , G, C, Mg(OAc) 2 
6 mM. The template concentration is set at 10 u copies of each strand in 20 of reaction. 
The wild-type T7 RNA polymerase is used at 0.5 uM (100 ng/20 ul), the mutated T7 RNA 
polymerase R627A at 3.65 uM (730 ng/20 ul). Before adding the enzymes, the reactions are 
denatured for 5 minutes at 65°C in a heating block and then gradually brought to 37°C. The 
reactions are initiated by the addition of the polymerases, incubated for 1 hour at 37°C and 
then stopped by the addition of an equal volume of 2x blue formamide (formamide 90%, 
EDTA 25 mM, xylene cyanol 0.02%, bromophenol blue 0.02%) and denatured for 5 minutes 
at 95°C. 20 ul of each reaction are deposited on a denaturing gel (20% acrylamide, urea 7 M, 
IX TBE), and then after migration, the gel is autoradiographed at -70°C on a Biomax MR 
film (Kodak). The results (electrophoretic profiles) are presented in Figure 5, and in 
particular the transcription results obtained with the mutated T7 RNA polymerase R627A 
(wells 1-3) and the wild-type T7 RNA polymerase (wells 4-6), on the single-stranded RNA 
templates (wells 1 and 4), double-stranded DNA (wells 2 and 5), and single-stranded DNA 
(wells 3 and 6). The transcription on single-stranded RNA, detected by detection of a 
complete transcript of 33 bases, is possible using the mutated T7 RNA polymerase R627A 
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(well 1) and not the wild-type enzyme (well 4) which produces on the other hand many 
abortive transcripts; see nevertheless the different results obtained in Example 3 below. The 
mutated T7 RNA polymerase R627A exhibits a residual transcription activity on 
double-stranded DNA (well 2), characterized by the presence of a predominant transcript 
which is smaller in size than the expected transcript, and the presence of a small quantity of 
abortive products. On single-stranded DNA (well 3), this transcript of abnormal size 
disappears, whereas the quantity of abortive products increases. By contrast, the wild-type 
enzyme allows the production of specific transcripts in the presence of DNA templates (wells 
5 and 6), this enzyme exhibiting, moreover, a better transcription activity on the 
double-stranded DNA template (well 5) than on the single-stranded DNA template (well 6); 
for these two templates, the wild-type enzyme induces the synthesis of numerous abortive 
transcripts. These results show that the replacement of the arginine 627 by an alanine confers 
on the mutant enzyme the possibility of synthesizing RNA from an RNA template and 
induces the loss of capacity to synthesize RNA from a DNA template. 
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Original Contribution _ 

qtw t Tr*TI TRE AND FUNCTION OF THE BACTERIOPHAGE 
T7 RN™L YME^ASE (OR, THE VIRTUES OF SIMPLICITY) 

William T. McAllister. 

(Received 24 August 1993; Accepted 22 September 1993) 

ases (such as DNA polymerases and reverse transcnptases) is reviewed. 
Keywords-DNA polymerase, Reverse transcriptase. Promoter structure 



INTRODUCTION 

Unlike the multisubunit DNA-dependent RNA poly- 
merases (RNAPs) of eukaryotic cells and bacteria trie 
RNAPs that are encoded by bacteriophage T7 and its 
relatives consist of a single species, of protein that is 
capable of accurate transcription in the absence of 
any apparent need for auxiliary transcription factors 
(Chamberlin and Ryan, 1983). The striking simplicity 
of this transcription system makes it ideally suited for 
studies of RNA polymerase structure and function. 
The gene that encodes the phage RNAP has been 
cloned and may be overexpressed in bacterial cells, 
allowing genetic and biochemical manipulation of the 
enzyme (Davanloo et al. 1984). Importantly, T7 
RNAP has now been crystallized, and a number of 
mutants that are altered in the transcription cycle 
have been characterized (Bonner et al., 1992; Patra et 
al., 1992; Gross et al., 1993; Sousa et al., 1993). 

In our work, we have taken the approach of isolat- 
ing or engineering T7 RNAP mutants with defined 
biochemical defects and asking whether these defects 
can be correlated with structural information so as to 
interpret the mechanism of transcription. We have 
identified important functional domains in the 
RNAP, and have found that the phage RNAP exhibits 
interesting structural and functional homologies to 
other simple nucleotide polymerases, such as DNA 
polymerases and reverse transcriptases. Although no 



extended sequence homologies exist between the 
phage RNAPs and the multisubunit RNAPs there 
are intriguing clues that suggest a relationship be- 
tween the phage enzymes and certain subumts of the 
more complex RNAPs. Studies of this class of RNAP 
will, therefore, contribute significantly to our under- 
standing of nucleotide polymerization. 

MATERIALS AND METHODS 

Transcription reactions 

Mutant RNAP have been previously described 
(Gross et al., 1993); the designation insm indicates a 
linker insertion mutation that lies within or immedi- 
ately preceding codon xxx. All transcription reactions 
were carried out in a volume of 10 jd containing: 20 
mM Tris-HCl (pH 7.9), 8 mM MgCl 2 , 2 raM spermi- 
dine-HCl, 1 mM dithiothreitol, 0.5 mM each of ATP, 
GTP CTP, and UTP (Pharmacia, Ultrapure), and 1 
M l cell extract (Gross et al., 1993). The products were 
resolved by electrophoresis in 20% polyacrylamide 
gels followed by autoradiography (ibid). 

RESULTS 

Enzyme domains involved in promoter recognition 

T7 RNAP is the prototype of a class of single-sub- 
unit DNA-dependent RNAPs that includes the 
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^ ppt h BA14 RNAPs are compared. Below each 



alternative bps t 

RNAPs of related phages such as T3, SP6, aDd KU, 
as well as the mitochondrial RNAPs, and potentially, 
a chloroplast RNAP (for review, » "J 
Raskin, 1993). Although the other phage R^Ps^f 
closely related by sequence homology to . .™*J A v 
each phage RNAP exhibits its own characteristic speci- 
ficity A comparison of the sequences of the phage 
promoters reveals a common 23 bp consensus se- 
quence that extends from -17 to +6, with initiation 

at ^variety of biochemical and genetic experiments 
support the notion of two functional domains in the 
promoter-a binding domain that extends from -17 
to -6 and an initiation domain that extends from -6 
to +6 (see Fig. 2). All of the promoters share the same 
sequence from -6 to + 1, indicating a common func- 
tion for this region of the promoter However^ the 
sequences of the phage promoters differ significantly 



in the region from -9 to - 1 2, suggesting that discrimi- 
nation of specific promoter types may rely upon dif- 
ferences in this region. Mutations m the binding re- 
aon have been observed to reduce the affinity of the 
polymerase for the promoter without having a great 
effect on the rate of initiation, whereas mutations , in 
the initiation region have minor effects on the binding 
affinity but a greater effect onthe rate of initiauon 
(Chapman and Burgess, 1987; Chapman et al 1988) 
Upon binding of the RNAP to the promoter, the 
DNA in the initiation region becomes melted open, as 
evidenced by a hypochromic shift and hypersensitiv- 
ity of the nontemplate (NT) strand in this region to 
attack by single-strand specific endonucleases (Muller 
et al 1989; Osterman and Coleman, 1981). 

Base modification experiments indicate that a 
number of important contacts between the Polymer- 
ase and the promoter are made within the major 
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# Substitution disrupts kinetics. 
0 Substitution does not disrupt kinetics. 

^ Sugars protected in hydroxy! radical footprinting 

^ Important contacts derived from methylation and 

• ethylation interference data 

fig. 2. Topography of RNA polymerase contacts. The drawing shows the double-helical consensus T7 P' 0 ™* 

pSnar vfeSplate, and nWemplate strands are indicated. Important stnxctund etements m die ^^t^^99^ 

at which substitutions with modified bases affect the kinetics of initiation (Maslak et al., 1993; Schick and Martin, 1993) 

totprinting (Muller et atl989); and positions at which ethylation of the phosphate or methylanon of the bases ^er«^ 
o^^eSinding ( Jorgensen ei al., 1 99 1 ). From these data, the contacts of the RNAP appear to involve major groove groups 
from 6^ contact in the flanking regions on either side. Regions ^ t ^^ ( ^^ 

stranded or are rendered partially single stranded during polymerase binding are indicated at bottom h <^™ an ^ 
Coleman, 198 1 ; Muller et ai., 1989). Other important regions such as the upstream AT-nch region. me .^ n c ^^°/^ 
promoter discrimination by individual RNAPs, the region in which me promoter sequences; 

binding), and the initiation region, are indicated at the top. Similar data for the T3 and SP6 P f ro « 0 ^ h f^ eir **** m 
indicated in the side panels. Graphics were kindly provided by Dr. Craig Martin (University of Massachusetts). 



groove and the flanking regions from bps - 12 to -9, 
and it has been shown that the primary determinants 
of T3 vs. T7 promoter specificity are the bps at posi- 
tions -1 1 and - 10 (Jorgensen et al., 1991; Muller et 
al., 1989; Klement et ai., 1990; Raskin et al., 1992). 
Substitution of these two bps in the T7 promoter with 
the corresponding bps found in the T3 promoter pre- 
vents recognition by T7 RNAP and simultaneously 
enables recognition by T3 RNAP (ibid). 



To localize the region of the phage RNAP that is 
responsible for discrimination of these base pairs, hy- 
brid T7/T3 RNAPs were constructed (Joho et al., 
1990). In this way, the specificity determinant was 
localized to an 80 amino acid interval between resi- 
dues 674 and 752. Within this interval the T7 and T3 
RNAP amino acid sequences differ at only i 1 posi- 
tions. Site-directed mutagenesis of this region of the 
T7 RNAP indicates that a single amino acid is respon- 
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sible for discrimination of the - 10 and - 1 1 bps; when 
this residue (Asn) is substituted by the corresponding 
residue found in the T3 RNAP (Asp), the resulting 
mutant enzyme (T7-N748D) exhibits T3 promoter 
specificity, particularly for the bps found at - 10 and 
- 1 1 (Raskin et al., 1992). A consideration of the hier- 
archy of preference for each of the possible base pair 
combinations at -10 and -11 indicates that N748 
makes direct contacts with bases on the nontemplate 
strand in a bidentate configuration (Diaz et al., 1993; 
Raskin et al., 1992). This interpretation is consistent 
with all of the genetic and biochemical data described 
above* 

Substitution of other amino acids at position 748- 
has generated a collection of T7 RNAP mutants with 
altered specificities. Some of the mutant enzymes 
have specificities that correspond to those found in 
other phage RNAPs (e.g., the SP6 and Kl I RNAPs), 
but others exhibit novel specificities not previously 
observed (Raskin et al., 1 993). The location of residue 
N748 within the crystal structure of T7 RNAP is 
within a putative DNA binding cleft, at a position that 
would lie approximately one helical turn (35 A) up- 
stream from what is believed to be the active site 
(Sousa et al., 1993); see Fig. 3, and discussion below). 
This information serves to orient the RNA polymer- 
ase with respect to the promoter such that the direc- 
tion of transcription along the template can be antici- 
pated. 

RNAP mutants blocked in other functions 

To identify mutations that might affect other func- 
tions of the RNAP (catalysis, elongation, termination, 
etc.) we constructed 35 linker insertion mutants of T7 
RNAP in which a 6 bp linker (two amino acids) was 
placed at various positions in the RNAP gene (Gross 
et al., 1993). These mutants were subjected to a vari- 
ety of biochemical assays designed to detect blocks in 
key steps in the transcription cycle. A number of mu- 
tants with interesting biochemical phenotypes were 
identified, some of which are described below. 

An additional region involved in promoter recognition 

Among the linker insertion mutants were a class of 
RNAPs that retain nonspecific catalytic activity (i.e., 
they are able to synthesize poly rG on a poly dC tem- 
plate) but which have lost promoter-binding ability. 
Some of these mutations map near residue 748, as 
expected from the above discussion. However, other 
mutations map closer to the amino terminus of the 
protein. Two mutants in particular (msl44 and 
//lj159, which consist of insertions within or before 



codons 144 and 1 59) are of particular interest because 
they lie near a region of T7 RNAP that exhibits signifi- 
cant sequence homology to region 2.4 of the bacterial 
sigma factor (Gross et al., 1993). This region of sigma 
factor is known to interact with base pairs in the - 10 
region of the Escherichia coli consensus promoter se- 
quence (Helman and Chamberlin. 1988; Daniels et. 
al l990;Siegeleetal.. 1989; WaldburgeretaL 1990). 
Ln the crystal structure of T7 RNAP, this region is 
found within the DNA binding cleft, not far from the 
region defined by residue 748 (Fig. 3). Together, these 
two elements of the DNA binding cleft come in con- 
tact with the upstream region of the phage promoter, 
thus defining a sequence specific recognition element. 
The homology of this region to sigma factor suggests 
that additional common sequence elements may be 
found between the phage RNAPs and the multisub- 
unit RNAPs. 

Active site mutants 

Another interesting class of mutants are those that 
retain promoter-binding activity, but have lost cata- 
lytic activity. Two interesting mutants within this 
class (ins64Q and /™648) exhibit a characteristic de- 
fect in their ability to utilize double-stranded DNA 
templates but not single-stranded templates. For ex- 
ample, both of these enzymes exhibit significant activ- 
ity on dC or dl-dC templates, but no activity on a 
dG:dC template (Gross et al., 1 993). We reasoned that 
the defect in these enzymes might lie in their inability 
to melt open the double stranded helix, or failure to 
maintain an association with the template strand dur- 
ing elongation. This was confirmed by the use of syn- 
thetic promoters in which the promoter was "pre- 
melted" by virtue of the fact that the nontemplate 
strand in the initiation region was missing; whereas 
the wild-type enzyme is capable of initiating tran- 
scription from a fully duplex promoter as well as the 
premelted promoter, the two mutant enzymes were 
capable only of initiation from the premelted pro- 
moter (Gross et al., 1993). 

The interpretation of these results with regard to 
the structure of T7 RNAP relied upon a potential simi- 
larity between the phage RNAPs and other nucleotide 
polymerases that was first observed by Delarue et al. 
(Delarue et al., 1990). These authors noted a homol- 
ogy in three sequence motifs (A-C) found in many 
nucleotide polymerases, including DNA polymerase 
and the single subunit DNA-dependent RNAPs. Two 
of these motifs (A and C) are also found in RNA-de- 
pendent RNA polymerases as well RNA-dependent 
DNA polymerases. In the structure of the Klenow 
fragment of E, coli DNA polymerase I (KF) these 
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Fig. 3. Structure of T7 RNA polymerase. The schematic depicts T7 RNA polymerase looking into the DNA binding cleft: the 
axis of the cleft runs vertically, as indicated by the dashed arrow (adapted from Sousa et aj.. 1993). Structural motifs that are 
common to other nucleotide polymerases and which define the active site are indicated by selective shading (motifs A, B. and C), 
as is the region that exhibits homology with sigma factor region 2.4. Key catalytic residues are indicated. Residue N748. which is 
involved in contacts with the nontemplate bases at - 1 0 and - 1 1 , lies on an extended loop at the base of the cleft. The distance 
from this residue to K63 1, which may be crosslinked to the initiating nucleotide, is 3$" A (approximately one turn of the double 
helix). 



three regions are located near the active site (OUis et 
al., 1985). This finding, and the observation that mo- 
tif B differed in enzymes that utilize RNA vs. DNA as 
a template, led Delarue et al. to speculate that these 
polymerases may have evolved from a common pre- 
cursor (or may use similar structural motifs to carry 
out common catalytic functions), and that motif B is 
likely to be involved in association with the template 
strand. The two mutations of interest in T7 RNAP 
(//I5640 and ins64$) lie within motif B. The inability 
of these mutant enzymes to melt open promoters or 
to remain stably associated with the template strand 



following initiation is consistent with the proposal 
that motif B is in association with the template strand. 

Certain residues within motifs A, B, and C are 
highly conserved among all of the polymerases; these 
include, in particular, K63 1 in T7 RNAP, which lies 
in motif B. We and others have shown that this resi- 
due may be crosslinked to analogs of the initiating 
triphosphate, and that the crosslinked analog may 
subsequently serve as an acceptor in the formation of* 
a phosphodiester bond with the next (incoming) nu- 
cleotide in a template-directed manner (Schaffner et 
al., 1987; Maksimova et al., 1991). Residue K631 
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must therefore, be near the acceptor site in the initia- 
complex, consistent with its P-^ty to the 
template strand in the model described above. 

More recent crystallographic data at higher resolu- 
tior^show a close structural correspondence between 
T7 RNA and KF, especially in the regions now re- 
S^^Se^yiS»«-R*»" (Sousaetal.. 19W 
A^m lar structural correspondence has been noted 
for the HIV reverse transcriptase, lending further sup- 
pon to the notion of a common catalytic mechanism 
for these enzymes (Kohlstaedt et al.. 1992). 

DISCUSSION 

The convergence of genetic and biochemical ap- 
proacheTJ will as the availability of a high resolu- 
Uon o^ul structure for T7 RNAP, make this a partic- 
ularl^exciting time to study the *™ct«^«£ 
tion of an RNA polymerase. As a result of this and 
othe work considerable information is now avail- ,; 
^ concerning the regions of the ^AP that^re m .. 
volved in promoter recognition, transcnp elonga 
tion andtermination(forre«ntrev,ew,see(McAllis , 
w»nd Raskin 1993). There is a growing body of 
evidence tha^suppori the existence of a common , 
r o Wmerase fold among the simple nucleotide poly- 
polymerase toiQ » comp rise the active site 

S bit functions, and tc , co»«i» 

Sements that are involved in template bmding and 
posSng of the active site. Other functions that are 
un que to the particular type of polymerase (e.g^ro- 
mo?er recognition and binding for the RNA poly^er- 
Ses proofreading, and exonuclease ft"*"™^ . 
DNA polymerases) are likely to ^ locrted*w*«^ 
in the polymerase, possibly in auxuiary domains £ee, ^ 
for example, Fig. 3, in which the promoter recogni- 
tion site is spatially quite separate from the putauve 

aC Whaf about the multisubunit RNA polymerase^ 
doThey also share homologies, or have they evolved 
aC a different pathway? It is possible that as a result 
of the need to maximize the opportunity for regula- 
Son mStisubunit enzymes have distributed their 
cording functional motifs among muhiple > sub- 
unUs. Sequence alignment programs may be : unable 
uiius. ^ m _ _„.ife that are distributed 



structure and function of an elegantly simple ^^AP 
u£ T7 will provide important clues for understand- 
ing the functioning of other polymerases. 

Thi* work was supported by NIH grant 
Acknowledgements - ™" "° r * Jf laboratory for their 

results prior to publication. 
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